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The mandate of the International Service for National Agricultural Research (ISNAR) is to
assist developing countries in bringing about lasting improvements in the performance of
their national agricultural research systems and organizations. It does this by promoting ap-
propriate agricultural research policies, sustainable research institutions, and improved re-
search management. ISNAR’s services to national research are ultimately intended to
benefit producers and consumers in developing countries and to safeguard the natural envi-
ronment for future generations.

ISNAR offers developing countries three types of service, supported by research and train-
ing:

For alimited number of countries, ISNAR establishes long-term, comprehensive partner-
ships to support the development of sustainable national agricultural research systems
and institutions.

For a wider range of countries, ISNAR gives support for strengthening specific policy
and management components within the research system or constituent entities.

For all developing countries, as well as the international development community and
other interested parties, ISNAR disseminates knowledge and information about national
agricultural research.

ISNAR was established in 1979 by the Consultative Group on International Agricultural
Research (CGIAR), on the basis of recommendations from an international task force. It be-
gan operating at its headquarters in The Hague, The Netherlands, on September 1, 1980.

ISNAR is a nonprofit autonomous institute, international in character, and apolitical in its
management, staffing, and operations. It is financially supported by a number of the mem-
bers of the CGIAR, an informal group of donors that includes countries, development
banks, international organizations, and foundations. Of the 18 centers in the CGIAR system
of international centers, ISNAR is the only one that focuses specifically on institutional de-
velopment within national agricultural research systems.

ISNAR’s Research Report series presents the findings of research conducted by the
institute and its partners in the areas of agricultural research policy, organization,
and management.
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Intermediary Biotechnology Service

This report is the third in a series of related
research and program-management reports
from the Intermediary Biotechnology Service
that appear as ISNAR Research Reports.
Each IBS report elaborates issues involved in
biotechnology research program manage-
ment and policy formulation, including needs
assessment. One provides a comparative de-
scription of the different approaches taken by
developing-country governments to stimu-
late biotechnology research. Another re-
views the current international debate on
intellectual property protection and assesses
the policy options and implications for devel-
oping countries. A forthcoming report will
give an overview of international initiatives
that have as a common goal the application
of biotechnology to tropical agriculture. It
will also review opportunities for national in-
stitutions in developing countries to collabo-
rate with international biotechnology
programs. Other forthcoming reports will
address future needs and priorities for bio-
technology research on livestock, and the po-
tential effects of biotechnology on tropical
beverage crops, small-scale producers, and
international markets.



The Intermediary Biotechnology Service

The Intermediary Biotechnology Service (IBS) was established by an interna-
tional group of donor agencies to act as an independent advisor to national pro-
grams in developing countries on matters of biotechnology research
management and policy. The IBS is headquartered at ISNAR, where it repre-
sents a continuation of activities begun in 1988 under a four-year program of
ISNAR, the World Bank, and the Australian government, titled Agricultural
Biotechnology: Opportunities for International Development.

The establishment of the IBS resulted from a recommendation of the Bio-
technology Task Force (BIOTASK) of the Consultative Group on International
Agricultural Research (CGIAR). BIOTASK conducted an extensive investiga-
tion into the problems and potential benefits of applying biotechnology to agri-
cultural research in developing countries. It recommended that a
demand-driven, problem-oriented advisory service be established to make
available the expertise of advanced biotechnology institutes to the developing
countries. The Government of the Netherlands provided funding to implement
this recommendation in late 1992.

The IBS is guided by a Steering Committee composed of representatives
from client countries, contributing donors, and the implementing agency,
ISNAR.

Functions

The current program of the IBS has three main functions:

+ to assist national agricultural research systems in developing coun-
tries with biotechnology research program management and policy
formulation;

e to carry out country studies to identify priority problems amenable
to solution through biotechnology;

« to identify international biotechnology expertise and enhance its
availability to national programs in developing countries.

The IBS also advises bilateral and multilateral development agencies on
biotechnology issues affecting developing countries.

Contact Dr. Joel Cohen, Project Manager
Intermediary Biotechnology Service
ISNAR, P.O. Box 93375
2509 AJ The Hague, The Netherlands
Telephone: (31) (70) 349-6100
Fax: (31) (70) 381-9677
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FOREWORD

Policymakers and researchers in developing countries face numerous challenges in devel-
oping technologies to help feed growing populations while sustaining the natural resource
base. Biotechnology is regarded as a means serving both ends, contributing to increases in
productivity and providing alternatives and options to safeguard the necessary means for
agricultural production.

Despite the diminishing budgets available for national and international agricultural
research, a growing number of countries view biotechnology as a priority for national devel-
opment and have already made sizable investments in biotechnology programs. In addition,
the international donor community has become increasingly involved in funding agricul-
tural biotechnology initiatives. These combined efforts transcend publicly funded national
agricultural research, and involve farmer, nongovernmental and commercial organizations,
as well as research institutions external to the traditional agricultural system.

Applications of biotechnology should have special relevance for addressing food con-
straints faced by small-scale farmers as more than 70 percent of food production in develop-
ing countries occurs on small-scale or resource-poor farming systems. These farmers
require products from biotechnology adapted to their environmental and socioeconomic
conditions.

Transforming biotechnology applications, efforts and priorities into realistic programs
for and in many countries, however, raises very complex issues: Which priority problems
can be addressed by biotechnology? Which technologies are relevant and accessible, and
what will be their likely cost and impact? How can modern biotechnology be integrated with
conventional agricultural research? How must NARS deal with questions, such as those re-
lated to biosafety and intellectual property rights, that go beyond the agricultural sector?
How can we ensure that investments in advanced research yield applicable products that are
also appropriate to resource-poor farmers?

This report offers readers a systematic study of the issues involved in planning na-
tional biotechnology initiatives, including policies, priorities, and research management,
and discusses many of the questions posed above. It serves as the centerpiece for the set of
related publications from the Intermediary Biotechnology Service (IBS) dealing with man-
agementissues regarding policy, needs assessment, and planning for biotechnology. It aims
to stimulate a dialogue between policymakers, scientists, and end users on these questions
and to contribute to informed decision making. It also provides a means for determining op-
portunities and priorities for collaboration between international biotechnology programs
and national agricultural research institutions. We expect IBS to play a catalytic role in this
process, and are pleased to jointly present this report.

Christian Bonte-Friedheim Hans Wessels
Director General, ISNAR Chairperson, IBS Steering Committee
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ABSTRACT

National agricultural research systems in many developing countries are evolving programs
that use biotechnology to address constraints on productivity and to meet pressing agricul-
tural needs. These programs challenge research managers and decision makers to identify
relevant end users, develop national expertise, priorities, and policies for biotechnology,
and to secure financial resources for implementation. This report describes a four-phase
framework for decision making to assist directors of national agricultural programs and fi-
nancial ministries in establishing priorities and policies for national biotechnology initia-
tives, determining design and implementation objectives, and considering avenues
available for technology transfer. The decision-making process stimulates interaction
among national, managerial, and research leaders to develop and advance a strategic ap-
proach for biotechnology activities that have often arisen independent of one another.

ABREGE

Dans de nombreux pays en développement, les systémes nationaux de recherche agricole
mettent au point des programmes ou I'on a recours aux biotechnologies pour lever des con-
traintes a la productivité et pour satisfaire les besoins les plus pressants dans le domaine
agricole. Ces programmes constituent des défis pour les gestionnaires de la recherche et les
décideurs politiques : ceux-ci doivent identifier les utilisateurs ultimes, développer une ex-
pertise nationale et définir des priorités et des politiques en matiére de biotechnologie, et ob-
tenir les ressources financiéres requises pour mettre en oeuvre les programmes. Le présent
rapport décrit une approche en quatre phases devant aider les directeurs des programmes na-
tionaux et le personnel des ministeres de finances a établir des priorités et a élaborer des po-
litiques gouvernant les initiatives nationales en biotechnologie, a définir les objectifs au
niveau de la conception et de la mise en oeuvre et a discerner les possibilités qui s’offrent sur
le plan du transfert technologique. Le processus de prise de décision encourage les respon-
sables—décideurs nationaux, gestionnaires et chercheurs—a interagir en vue de développer
et de promouvoir une approche stratégique pour gérer des activités biotechnologiques qui
souvent ont été lancées indépendamment les unes des autres.
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RESUMEN

Los sistemas nacionales de investigacion agropecuaria en muchos paises en desarrollo estan
desarrollando programas para usar la biotecnologia con el fin de afrontar problemas de pro-
ductividad y para satisfacer las crecientes necesidades del sector agricola. Estos programas
retan alos lideres de la investigatipa los decidores a identificar usuarios relevantes, a de-
sarrollar a nivel nacional la experiencia, las prioridades y las politicas relativas a la biotec-
nologia, al mismo tiempo que aseguran los recursos financieros para la ejecucion de
programas. Este informe describe un marco de trabajo para la formulacion de decisiones,
constituido por cuatro etapas, que tiene el fin de asistir a los directores de programas nacio-
nales de investigaciy a ministerios de finanzas a determinar prioridades y politicas para
iniciativas nacionales sobre biotecnologia, a establecer los objetivos de disefio y ejecucion,
y a tomar en consideracion posibles vias para la transferencia de tecnologia. El proceso de
formulacién de decisiones estimula la interaccidn entre lideres a nivel nacional, a nivel de la
gestion y el manejo/ a nivel de la investigacion para desarrollar y promover un enfoque es-
tratégico para las actividades de biotecnologia que con frecuencia han surgido independien-
temente una de la otra.
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ACRONYMS
ATAS Advanced Technology Assessment System
BFZ Biotechnology Forum of Zimbabwe
CRIFC Central Research Institute for Food Crops—Indonesia
EC European Community
CARN Cassava Advanced Research Network
CBN Cassava Biotechnology Network
CGIAR Consultative Group on International Agricultural Research
CIAT Centro de Investigacion Agricola Tropical
CIDA Canadian International Development Agency
CRIFC Central Research Institute for Food Crops
CTA Technical Centre for Agricultural and Rural Co-operation
DGIS Directorate General for International Co-operation—The Netherlands
FAO Food and Agriculture Organization of the United Nations
IAEA International Atomic Energy Association
IARC international agricultural research center
IBS Intermediary Biotechnology Service
ICGEB International Center for Genetic Engineering and Biotechnology
ICRISAT International Crops Research Institute for the Semi—Arid Tropics
IITA International Institute of Tropical Agriculture
ILRAD International Laboratory for Research on Animal Diseases
IPR intellectual property rights
ISNAR International Service for National Agricultural Research
KARI Kenya Agricultural Research Institute
NARS national agricultural research system(s)
ODA Overseas Development Administration—United Kingdom
OECD Organisation for Economic Co-operation and Development

REDBIO Technical Cooperation Network on Plant Biotechnology for Latin America
and the Caribbean

RF Rockefeller Foundation

RFLP restriction fragment length polymorphism

STOA European Organization for Technology Assessment
UNDP United Nations Development Programme

UNIDO United Nations Industrial Development Organization

USAID United States Agency for International Development
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EXECUTIVE SUMMARY

Developing-country governments are having to make decisions about investments in bio-
technology at a time of widespread downsizing of state institutions, liberalization of mar-
kets, increasing privatization, and deregulation of prices. The rapid expansion of public
agricultural research institutes of the 1970s has ended and a reversal of this trend is unlikely.
Economic adjustments, meant to help national programs deal with these financial realities,
have underscored the importance of increasing the effectiveness of the agricultural sector
and raising the productivity of agricultural land. Science-based innovations such as biotech-
nology are a key investment to help achieve these goals.

Decisions about agricultural research allocations need to be directly linked to eco-
nomic objectives. Many programs and projects compete for limited budgets. For example,
biotechnology can compete with conventional agricultural research for fund allocation.
Thus priorities and funding for biotechnology are best determined by structured information
and discussion between scientists at both the research and management levels, in conjunc-
tion with policies determined by decision makers at the national level.

This variety of financial, technical, and institutional issues highlights the complexity
of the task facing national policymakers for agricultural research. It is all too easy to estab-
lish research programs that lack focus and accountability and are hampered by duplication.
However, the speed of technological change in agriculture and the need for focused applica-
tions of new technologies necessitate informed decision making.

This report is aimed at national policymakers, administrative managers, and directors
of research who make investment and institutional decisions regarding biotechnology for
the national agricultural research system (NARS). Its purpose is to consider the potential
costs and benefits of biotechnology-based research through a four-phase planning process.
The decision-making framework presented considers the national policy environment and
the institutional, financial, and program issues involved in setting priorities and determining
needs for biotechnology-based research. The framework will help decision makers and re-
search leaders ensure that resources allocated to biotechnology, including those activities
supported by the international biotechnology programs and donors, are consistent with na-
tional objectives of efficiency, equity, security, or concern for the environment.

The four phases are as follows:

. setting policies and identifying priorities that address constraints on agricultural

productivity for which biotechnology offers a comparative advantage,

- formulating a national program to address these priorities and policies,

. implementing and monitoring the research program,

- transferring and delivering technologies to end users.

In this report, the decision-making phases are introduced through an implementation
sequence for agricultural research, as this emphasizes biotechnology’s dependence on a
strong conventional research base. Special attention is given to various aspects of
biotechnology-based research where complications in planning can be anticipated. These
complications include the need to develop priorities for application of the new technologies,
the technology’s relation to areas of public perception, such as biosafety requirements, and
the additional technical expertise, funding, and institutional capacity required.

In conjunction with the four phases, the decision-making process is also analyzed
from the perspective of three levels within a national program. These levels are as follows:

Xii
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. research level, composed of scientists carrying out activities that may become or
are already part of a national biotechnology initiative;

*  management level, composed of administrative and research directors who are
responsible for helping to structure the interface between research and policy;
and

. national policy level, composed of decision makers from various ministries or
departments responsible for national policies seeking to implement biotechnol-

ogy.

Information on each phase can be used separately by national program leaders at vari-
ous stages of the development cycle. In fact, topics covered in one phase relate to those dis-
cussed in others, making the development cycle a dynamic, interactive process. Time
frames and objectives indicate appropriate expectations throughout the process.

In phase I, decision makers use priority-setting methods to firstidentify the constraints
to productivity where biotechnology offers a comparative advantage and, second, to dem-
onstrate that needs of end users are considered. These methods are discussed in Chapter 2 as
well as key features of the public policy setting affecting the manner in which biotechnol-
ogy research is undertaken and in which national initiatives will be planned.

In phase I, the design and development of a national biotechnology program is con-
sidered by management and research leaders in relation to relevant priorities and policies
identified in phase I. As presented in Chapter 3, critical program elements are identified for
management’s consideration. Scientific review of both conventional and biotechnology-
based research is discussed in relation to the proposed research initiative.

In phase lll, special monitoring and evaluation needs are analyzed. As covered in
Chapter 4, this also includes the importance of scientific accountability in relation to the pri-
orities and program objectives established.

Phase IV discusses options to be considered by research, technology transfer agencies,
and end users such that these considerations become part of the program’s operational
context and can be considered early in the planning process. As presented in Chapter 5, this
includes options for public and private technology transfer.

xiii
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1. INTRODUCTION

Following the introduction of biotechnology in most countries in Eastern Africa,
the application of key technologies, particularly those relating to genetic modifi-
cation, has been very slow. This mainly has been due to the acute shortage of a
scientific base in biochemistry and molecular biology.

Cyrus Ndiritu and John Wafula
Kenya Agricultural Research Institute (KARI)

Background on Biotechnology

Biotechnology has had major impacts on human health care during the last decade. New
drugs have been developed including those that stimulate the immune system and help fight
infections. New treatments are being used against renal cancer and hepatitis B and a grow-
ing number of therapeutic and diagnostic products are reaching the market (Burrill and Lee
1992).

Biotechnology also holds promise for millions of small and marginal farmers in devel-
oping countries. In the long term, it could provide a range of agricultural inputs and power-
ful tools for agricultural research. According to many in the agricultural development
community, farmers’ use of some agricultural technologies is limited because adoption re-
quires purchased inputs such as chemical fertilizers and pesticides. Biotechnology may sup-
plement or provide alternatives to these inputs, hence increasing efficiency. For example,
new sources of genetic material can supply animals and crops with disease and pest resis-
tance.

To take full advantage of biotechnology’s applications to agriculture, however, na-
tional agricultural research systems (NARS) in developing countries must determine if bio-
technology is needed to address national priorities and, if so, what changes to the national
agricultural research and extension system are required to ensure their use. Biotechnology
applications based on tissue culture and other related techniques are well within the reach of
most NARS and can make significant contributions to agricultural production in the short
term. Other applications are longer term and may require countries to take steps now to cre-
ate the needed research capacity.

Defining Biotechnology

Biotechnology includes any technique that uses living organisms, or substances from or-
ganisms, to make or modify a product, to improve plants or animals, or to develop microor-
ganisms for specific uses. Biotechnology has many traditional applications in agriculture.
One simple example is composting, which builds soil fertility by encouraging microorgan-
isms to break down crop residues. Another example is the production and use of vaccines to
control animal disease; and cheese and wine making are among the many practical uses of
biotechnology in the food-processing industry.
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As these examples show, biotechnology is not a new developmentin agriculture. What
is new are the modern techniques and applications derived over the last two tecades.

DNA—The Key Molecule

Modern biotechnology grew out of advances in biological sciences such as genetics, micro-
biology, biochemistry, and biophysics. These sciences have increased understanding of bio-
logical functions at the molecular level through the study of deoxyribonucleic acid (DNA).

DNA provides the molecular information that programs the growth and development
of living organisms. Discrete portions of this information are referred to as genes. Each gene
represents a particular functional unit of DNA. It is the genes, in combination with a range
of interactions beginning in the cell and ending in the environment, that help to determine
the characteristics of plants and animals. Thousands of gene combinations are possible, ef-
fecting a multitude of different traits, each of which can affect the growth and development
of individual forms of life.

Genetic Engineering and Gene Mapping

Another major advance came with the discovery of two groups of restriction enzymes. One
group cuts the DNA molecule at specific sites. The second group joins the pieces in new
combinations. This discovery, leading to the ability to produce recombinant DNA mole-
cules, forms the basis of genetic engineering. It has also increased scientists’ ability to move
genes across species boundaries, even when the species are completely unrelated, thus cre-
ating transgenic plants.

Twenty-five years ago it was unthinkable for plant breeders to transfer into rice plants
genes from tomatoes or beans, and much less from bacteria. Now with the availability of re-
combinant DNA techniques this is not only possible, but genetic transformation of this kind
has been successfully demonstrated under laboratory conditions for a wide range of agricul-
tural crops. For example, transgenic plants of tomato, tobacco, cotton, and soybean have
been developed with pest resistance derived from a group of toxin-producing genes, the so-
called Bacillus thuringiensisor Bt genes from bacterial DNA. Another example is coat-
protein—induced virus resistance, which has the potential to stem viral infections in tropical
crops, such as mosaic virus in cassava.

It should be stressed, however, that impressive as these developments are they should
be seen as supplements to conventional crop and animal improvement through breeding.
This includes hybridization and selection. Sexual reproduction remains a powerful tool for
producing a multitude of new gene combinations from which breeders can select for desir-
able traits. The strength of the new recombinant DNA technology lies in its ability to trans-
fer specific genes across species that would not normally hybridize. Classical methods of
plant breeding are still required to determine final agronomic acceptance of new high-
yielding varieties.

Linkage analysis, that is, using visual or microscopic screening to determine if two or
more genes generally located on the same chromosome tend to be passed on together to fu-

1 Biotechnology, as used in the rest of this report, focuses on cellular and molecular biology and new
techniques coming from these disciplines for improving the genetic makeup and agronomic manage-
ment of crops and animals.
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ture progeny, has long been used by plant breeders to select plants carrying desirable genes.
Now, modern techniques for gene mapping make available much more detailed information
on gene location. This is especially important for complex traits difficult to select or deter-
mine in the field. The greater precision in linkage analysis offered by gene mapping is often
accomplished through the use of restriction fragment length polymorphisms (RFLPS).
These include markers for multiple-gene—determined traits. RFLP analysis is now being
used to assist plant breeders in the detection and selection of newly introduced variation.

Tissue Culture—New Opportunities

The development of in vitro tissue and cell culture techniques has occurred parallel with ad-
vances in molecular biology and genetic engineering. In vitro techniques make it possible to
regenerate a whole plant from a small piece of tissue, and even from a single cell, by grow-
ing it in a suitable medium. The underlying concept is the totipotency of cells, that is, a cell
contains all the genetic information for the growth and development of the entire organism.
Of course, this is not surprising considering that living organisms start life as a fertilized
egg, which is also a single cell. For plants, tissue culture techniques can be of great value for
achieving rapid multiplication of a desirable genotype, for example, a high-yielding clone
of coconut. Promising biotechnologies for livestock include in vitro fertilization and em-
bryo transfer.

Biotechnology and the NARS

Many important contributions to modern biotechnology have been made by scientists at re-
search institutions in industrialized countries. This has resulted in a part of the technology
being awarded patent protection. This fact, combined with the advanced scientific expertise
needed to use these technologies, has raised concern about whether the traditional route of
access to new innovations through the international agricultural research system will be suf-
ficientto assist NARS in developing countries to initiate national biotechnology programs.

Need for Constructive National Approaches

Developing countries have many reasons to consider practical applications of biotechnol-
ogy consistent with being able to maintain a strong conventional research base and the abil-
ity to develop their scientific capacity. However, first additional expertise will be required

to take full advantage of relevant technologies. Developing this expertise should not be
done at the expense of ongoing needs, but rather in a complementary manner. If new exper-
tise in biotechnology addresses needs and priorities by supporting programs improving ag-
ricultural inputs, then itis farmers and consumers in developing countries who will benefit.

Second, policy concerns, such as patent protection for crop varieties and other life
forms derived from the application of modern biotechnology, must be considered. There are
those who argue that product patenting will stimulate investment in new research and that
people making such investments should be rewarded. Others feel that patenting transgenic
plant varieties will restrict free exchange of germplasm among breeders.

While discussions will continue for some time on these issues, there is general agree-
ment that developing countries must consider relevant options to strengthen their research
programs, including biotechnology, in order to build national research capabilities which
apply technological advances to agricultural needs (Farrington 1989). Policy decisions en-
couraging biotechnological advancements derived from problem-oriented research will
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also increase the capacity of NARS to collaborate with the international agricultural re-
search system.

Some developing countries have already begun this process, undertaking modern bio-
technology programs, projects, or activities. These have included various combinations of
scientific, institutional, and policy objectives to build national capacities in research. A
number of these initiatives were recently reviewed by Komen and Persley (1993).

For other developing countries, a combination of pressing needs not requiring biotech-
nology, the inability to maintain a strong base for research, and lack of funding prevent such
developments. Clearly, biotechnology is premature for countries with strained agricultural
research infrastructures and wanting to avoid technology-led development.

Background for Priority Setting

Priority setting is an important first step in the development of a national biotechnology re-
search program. In setting priorities, national policymakers and NARS managers should
consider four factors. First, they should recognize that biotechnology is not a new disci-
pline. Rather, itis a group of techniques that offers new approaches for addressing biologi-
cal questions and problems. These relate to crop and animal production, gene identification
and expression, food and feed processing, management of natural resources, and pollution
control.

Second, most NARS directors are under pressure from government policymakers and
planners to provide usable, short-term results. If biotechnology holds promise only in the
long term, then funding for programs may not be sustained. Short-term applications there-
fore should be emphasized initially. Most developing-country NARS would do well to start
with tissue culture techniques, such as the rapid multiplication of disease-free clones of
plantation and horticultural crops. They should not take the view that modern biotechnology
includes only transgenic plants produced through recombinant DNA techniques, as these
are long-term priorities for most NARS. Few NARS, including those of developed coun-
tries, would start research programs based on transformation alone.

The third factor relates to resources. Applications of biotechnology differ in complex-
ity and in the demand they place on national scientific and institutional resources. Issues of
resources relate directly to opportunities for the effective integration of biotechnology-
based approaches with the conventional agricultural research base (Cohen et al. 1988).

Finally, biotechnology programs must conform to national agricultural research poli-
cies balanced by technical realities and needs. For example, if cassava is a particularly im-
portant crop, and the tools of biotechnology can be harnessed to increase the production,
processing, and nutritive value of cassava, then cassava becomes a priority for biotechnol-
ogy. A clear definition of national goals and objectives, including efficiency, equity, secu-
rity, or environmental concerns, for agricultural commodities helps this process. Policy
guidance can provide for a research strategy that maximizes available resources, building
biotechnology capacity as an extension of the existing research capability.

Framework for Decision Making

Already biotechnology is being used to develop new and higher quality food and fiber,

crops with greater stress tolerance, and new uses for agricultural commodities (Beck and
Ulrich 1993). These applications, and others addressing constraints on land productivity, re-
quire a new knowledge base for creating sustainable, yield-stabilizing technologies. How-
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ever, there are concerns about who will benefit from this knowledge and the length of time
before these benefits will be realized.

The framework for decision making that follows requires interaction between techni-
cal, financial, and policy specialists to focus NARS’ resources on relevant applications of
the new knowledge base. It promotes biotechnology through resource allocation consistent
with identified national objectives. Selection of appropriate research activities increases if
decision makers encourage (a) scientists to focus their work on set priorities with results ex-
pected in a timely manner, and (b) national policies that provide opportunities for research
development and delivery. A recent example illustrating multilevel decision making for
biotechnology in the context of national priorities for agricultural, health, environment, and
energy for the United States is discussed in Annex 2.

Phases and Levels of Decision Making and Implementation

Four phases, which may vary in sequence, are required in making and implementing strate-
gic decisions regarding a national biotechnology initiative:
. Identify research priorities for which biotechnology offers a comparative advan-
tage and serves a demonstrated need and determine relevant national policies.
. Formulate a national research program with these priorities.
. Implement and monitor the program.
. Provide for the transfer or delivery of the results.

In the following chapters, a decision-making framework based on these four phases is
used for discussing questions of technologies, priorities, and economics. The phases of de-
cision making are comparable to those used in planning and designing conventional agricul-
tural programs. This provides for the addition of biotechnology to the conventional
agricultural research system. However, this report and its decision-making framework also
focus on what are now special characteristics of biotechnology-based research. These in-
clude

»  high costs of development, in the face of constrained science budgets;

. special challenges in the areas of public perception, biosafety, intellectual prop-

erty rights, and accountability;

. integration of biotechnology with conventional programs, bringing about institu-

tional changes;

. opportunities for international collaboration;

. increasing the range of products emerging from agricultural biotechnology; and

. risks for national programs that do not develop an internal capacity for working

with and assessing the emerging technologies.

The decision-making framework presents these special considerations in a discussion
based on the three levels necessary for making decisions affecting the NARS: research,
management, and national policy. Table 1 outlines the four phases with the expected time
required, objectives, and integration of responsibilities between each of the three levels of
decision making.

Theresearch levelincludes practicing scientists working to develop and apply ad-
vances in biotechnology to agricultural objectives. At this level, decisions about technology
and programs are based primarily on scientific expectations and research experience.

The management leveencompasses administrative officials of the agricultural sec-
tor, including the ministry of agriculture, directors of research, and senior management with
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primary responsibility for research and extension. At this level, decisions are based on both
policy and technical considerations in relation to the potential impact of research on institu-
tional mandates, objectives, and sector priorities.

The national levelincludes the ministries of finance, planning, justice, and science
and technology in addition to the ministry of agriculture. This level thus goes beyond the
NARS. Decisions are based largely on political goals. They involve, for example, funding
decisions for the agricultural sector and its research subsector and decisions regarding agri-
cultural trade implications and general economic policy.

Finally, many national biotechnology initiatives work closely with a range of interna-
tional biotechnology programs in research, training, and information exchange. Research
and management-level leaders participating in the decision-making framework should be
aware of this extensive collaboration and its relation to their national planning process. Ele-
ments of these international biotechnology programs are introduced in sections of this re-
port to ensure that national program development is not discussed in isolation, to familiarize
national policymakers with the scope of their efforts, and to help national program directors

benefit from their experiences.

Table 1. Levels and Phases of Decision Making

Phases of Topics for Integrating
decision Years decision-making decision-making
making required Objectives dialogue and analysis responsibility
Phase I: (a) Identify research | « Priorities, constraints, | National policy,
Priority 1-2 priorities that are in | and needs Management,
identification agreement with pro- Research
and setting duction constraints
national and local needs
policies (b) Identify relevant | « Public perceptions, National policy,
policy considerations| biosafety, IPR Management
* Integration
* Financing
* Rate of entry
Phase II: Determine program |  Determination of pro- | Management,
Program 1-2 elements for national| gram elements Research
formulation biotechnology initia- | ¢ Scientific review
tive * Cross-sector planning
Phase Il Implement the pro- | « Monitoring and evalua-| Research
Program imple- 3-8 gram as designed angdtion
mentation and develop monitoring | » Socioeconomic analysis
monitoring system
Phase IV: Tech- Develop strategies to ¢ Product orientation Research,
nology transfer 1-3 ensure that products | « Technology transfer Technology transfer
and delivery reach farmers, grow-| routes agencies,
ers, and consumers End users
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2. PHASE |: PRIORITY IDENTIFICATION AND
SETTING NATIONAL POLICIES

There is a lack of methodology to select and establish priorities in agricultural
fields. Several groups of priorities for agrobiotechnologies have been set by gov-
ernment agencies in Mexico and the public-sector agricultural research system.
However, the personnel involved have only a limited knowledge of modern bio-
technology. Universities have not set priorities and have very little interaction
with producers or government agencies.

Rodolfo Quintero-Ramirez
Biotechnology Institute, Mexico

The objectives of the first phase of the decision-making framework are to set priorities for
research and to examine the national policy setting in which such research will be under-
taken.
Regarding the identification of research priorities, it is essential that these

. address significant constraints to productivity in agriculture,

. offer a comparative advantage for the application of biotechnology, and

. demonstrate a clear need for the final product of research.

Priorities for biotechnology research are often set independently at each level of a
NARS. Linking these priorities to national development objectives requires coordinated de-
cision making at the national, management, and research levels. Identified priorities are
then implemented in the context of the national policy setting, organizational options, fi-
nancing available, and the agreed-upon rate of entry.

Preparing an overview of existing national policies, priorities, and activities for bio-
technology should be considered as an introduction to the decision-making framework. At
this point, various national research issues will be identified, leading to their inclusion and
discussion in the framework (Bunders and Broerse 1991). The overview provides informa-
tion for participants at each level and a starting point for considering national agricultural
objectives such as equity, efficiency, security, or environmental concerns. Review of priori-
ties and policy decisions by scientists at the research level and managers at the sector level
occurs in phase Il, program formulation.

Determining Priorities, Constraints, and Needs

Priority setting in biotechnology is often complicated by pressing demands on over-
stretched budgets. While research and sector leaders examine the implications of biotech-
nology for their research programs or institutes, policymakers examine implications at a
broader level, facing conflicting demands for financial resources among a range of national
needs. With this diversity of needs and objectives, how is a national initiative in biotechnol-
ogy planned? Are research efforts consistent with national priorities? If priorities have not
been set, how are decisions about biotechnology reached in their absence? Obtaining an-
swers to these questions explores the link between research planning and priorities, institu-
tional budgets, and the rate at which biotechnology is to be advanced.



Biotechnology Priorities, Planning, and Policies

Many immediate needs of the agricultural sector are unlikely to be met by modern bio-
technology. However, evidence of the techniques’ growing utility is given by the increasing
range of applications being explored for enhancing food production and quality (Beck and
Ulrich 1993, ATAS 1992). Priority setting, when linked to resource-allocation policies, can
determine elements of national agricultural research that would benefit from the addition of
new biotechnologies. Clear policies and programs can focus research on national needs
while providing selectivity and concentration of resources on key objectives (Liyanage
1993).

However, complications arise in determining priorities and policies. Ad hoc ap-
proaches for biotechnology have emerged, mostly from the research level, as not all scien-
tists’ objectives coincide with national objectives for agricultural research. Scientists often
do not see the need for carrying out priority-setting exercises for biotechnology alone.

Recent analysis indicates that a growing number of national, regional, and interna-
tional biotechnology programs are devoting considerable effort to priority setting (USAID
1989, Toenniessen and Herdt 1989, CTA/FAO 1990, NRC 1990, KARI 1991, DGIS 1991
and 1992, BFZ 1993). These include priority setting specific to crops or livestock, donor
policy and programs, project objectives, and national programs in developing countries.
The need to carefully link priority setting with the identification of both constraints to
higher productivity and with farmers’ needs and problems was presented by Bunders
(1990).

A number of these priority-setting exercises are compared in table 2. No one method
has been preferred, as each serves different organizational needs. Recommendations from
the examples have led to new or increased support for biotechnology, provided either to on-
going programs or to newly identified biotechnology initiatives.

A divergence of mechanisms for priority setting is evident in donors’ investments in
biotechnology. Some donors have adopted an ad hoc approach, incorporating biotechnol-
ogy “as needed” into agricultural projects. Other donors have developed a special policy to
guide bilateral biotechnology investments (DGIS 1992). In yet other cases, such as for
USAID, priority-setting, policy, and planning exercises are undertaken to address specific
project-level needs, with no comprehensive policy emerging (NRC 1990). Differences can
also occur between research-oriented priorities and user-oriented perspectives. These dis-
tinct but related views may lead to different recommendations for the same crop (DGIS
1991).

In many parts of the developing world national biotechnology policies and priorities
are noticeably lacking. This is often related to inadequate science and technology policies
(FAO 1993). While countries have participated in crop, livestock, or program-specific
priority-setting exercises, in general these efforts have not been extended to the national
level.

For the policy and planning framework presented in this report, a balanced view of
priority setting is needed, combining the technical realities and specialized requirements of
modern biotechnology with identified local needs. Each national program determines a
priority-setting process to address these needs and national objectives. For such a process to
be effective, it should provide an environment conducive to making difficult choices, taking
into account economic feasibility, time frames for expected commitments, criteria by which
end users and technologies are selected, and relation of priorities to relevant national poli-
cies. This is facilitated by involving scientists in national policy making, and by preventing
priorities from being set by scientists isolated from economic realities (World Bank 1993).



Table 2. Summary of Findings and Recommendations of Priority-Setting Studies for Biotechnology

Nature of priorities

Citation and date of report

Organizations involved in the study

Priorities

Considerations and/or criteria

* Crop-specific (rice)
* Foundation-specific

The Rockefeller Foundation’s Interng
tional Program on Rice Biotechnolog
(Toenniessen and Herdt 1989)

Rockefeller Foundation

A-

<

Develop a knowledge base and bio-
technology tools for rice

Genetic maps and markers

Genetic transformation
Clone/characterize rice genes
Host-pathogen interactions

Foundation sought to identify the follow-

ing:

* needs not being addressed by others
that could attain high degree of syner
among activities,

¢ needs allowing for eventual foundatio
disengagement,

e aranking of priority traits for support.

gy

* Crop-specific (cassava)

Cassava and Biotechnology
(DGIS 1991)

DGIS-sponsored meeting with the
Wageningen University of Agriculture,
and the Free University of Amsterdam,
the Netherlands; USAID; EC; ODA,;
UNDP; World Bank; RF; CIDA; UNIDO;
ISNAR; FAO; CIAT; IITA; ICGEB;
IAEA

Improve cassava and solve constrain
faced by cassava farmers
Genetic improvement of cassava

Socioeconomic and interdisciplinary
studies to understand complex and
unique cassava issues

Germplasm conservation and exchand®

t£BN assesses cassava constraints and
portunities in collaboration with cassava
researchers using an interdisciplinary aj
oach to integrated studies of cassava
production, processing, marketing, con-
sumption, and their interactions. The as
sessment is aimed at identifying

demand-led research objectives.

* Donor policies and program

Plant Biotechnology Research for
Developing Countries (NRC 1990)

NRC, IARCs, NARS, USAID, USDA,
private sector

Institutional priorities:

¢ Biosafety

e IPR

¢ Training and networking
Scientific priorities:

* Modified delphi method was used in
the consideration of institutional as
well as scientific priorities.

¢ Final decisions on implementation
were based on local, national, and

* Tissue culture, micropropagation, ang  CGIAR review.

transformation
¢ Plant disease and pest control
¢ Genetic mapping of tropical crops
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Table 2. Summary of Findings and Recommendations of Priority-Setting Studies for Biotechnology (continued)

* Donor policies and programs

Biotechnology and development coop-
eration (DGIS 1992)

Directorate General for International
Co-operation (DGIS), the Netherlands

Recommendations for DGIS technical
cooperation in biotechnology:

e Agriculture

¢ Human health care

* Environmental management

* Developing-country research capaci
¢ Technology assessment and policy

ty

Provides recommendations and areas for
collaboration as sponsored by DGIS.

* National priorities for developing
countries

Biotechnology in Kenya (KARI 1991)

KARI, USAID, ILRAD, USDA, RF,
IBPGR

Plant priorities:

* Plant cell and tissue culture

¢ Virology/plant pathology

¢ Antigen production and diagnostic
kits

* Transformation for disease and pest
resistance

Animal priorities:

* Embryo transfer

e Artificial insemination

KARI used a group of experts to synthe

size plenary information and develop

plan of action:

* single center for plant and animal big
technology,

* scientific priorities determined for
both plant and animal research,

* biosafety parameters identified.

* National priorities for developing
countries

Appropriate biotechnology in small-scal
agriculture: Interactive bottom-up ap-
proach for biotechnology (Bunders and
Broerse 1991)

Netherlands Organization for Technol-
ogy Assessment, National Biotechnolol
Forums, DGIS, STOA (European Or-

Priorities are established in a structure:
ginteractive process in which the partici-
pation of the client group is essential.

lganization for Technology Assessment) The process consists of three phases:

* Preparation
¢ Public debate
* |nstitutionalization

il Provides methodology to help direct bi

technology towards the needs of
resource-poor farmers. Currently unde
discussion in two African countries.
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Public Policy Setting

A number of public policy issues have been identified that affect the options available for
undertaking biotechnology research. The issues included in this paper and in the decision-
making framework are public perception, biosafety, intellectual property rights, organiza-
tional options, and financing. National decisions regarding the rate of entry into biotechnol-
ogy are then reviewed in relation to the public policy and funding issues identified.

Public perceptions

Public education, including the education of technology users and those in charge of tech-
nology dissemination, is a critical component in the transfer of technology from the labora-
tory to the field. This is particularly true of products involving new technologies such as
recombinant DNA techniques. Here, initial public perceptions about product safety and ef-
ficacy may have far-reaching implications for further technological advancement.

Public opinion can affect the processes involved in product development and can be a
powerful force in the initiation of good developmental practices for research. Initial “famili-
arization” efforts conducted by commercial entities in the United States have provided a
better understanding of biotechnology testing at the local, regional, and national levels.
Many of these efforts have been product or test specific and designed to educate the public
on issues and questions regarding perceived safety issues surrounding new technologies.

Such efforts to increase the public’s understanding of new approaches, coupled with a
demonstrated safety record, will help reduce the “familiarity gap,” which often occurs with
the advent of new technological innovation. This, in turn, helps minimize regulatory hur-
dles. Scientists at the research level need to help structure appropriate guidance so that fa-
miliarization of the public, and hence of national decision makers, occurs in conjunction
with new research developments. Such a process reflects the fact that biotechnology is part
of the agricultural research continuum. Scientists are made aware of requirements for infor-
mation to satisfy questions of safety. As such, scientists and public officials provide deci-
sion makers with information that better prepares them for making informed decisions
regarding public perception.

Developing effective biotechnology products, which address recognized priorities,
provide needed agricultural inputs, and present a comparative advantage over products al-
ready available to farmers, will do much to bolster public confidence. An essential factor in
building public familiarity with biotechnology research will be the technical excellence and
improvement offered by each research innovation.

Biosafety considerations

Is there a review mechanism in place to ensure the safe and efficacious application of bio-
technology? If not, the formation of an institutional or national biosafety committee is desir-
able. However, the relevance of such a committee depends on the degree of local
understanding and competence in biosafety (Plucknett et al. 1990, Persley et al. 1992). Insti-
tutional expertise can also play an important role in increasing national programs’ opportu-
nities to collaborate with programs that are applying new techniques and providing products
of genetic engineering to the developing world. If national safeguards have not been estab-
lished, the testing of new genetic material may be limited in scope and effect.

Data obtained through an IBS survey indicates that 12 international biotechnology
programs, IARCs, or donors have conducted specific activities related to the international
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and national dimensions of biosafety (see Annex 4). Activities include biosafety intern-
ships, regional and national biosafety workshops, biosafety data bases, and an international
code of conduct. In addition, virtually every program surveyed indicated that itis complying
and collaborating with national regulatory guidance. This information indicates both the
importance given to biosafety by the international community and the substantial resources
available to national programs in developing countries.

As new biotechnology initiatives emerge, more thorough consideration is being given
to relevant biosafety considerations and to the cost associated with providing data that ad-
dresses both safety and efficacy parameters. These can include risk, benefit, efficacy, spread
or dispersal, and environmental fate. Effective guidelines for researchers preparing safety
data will minimize delays in testing and facilitate reference to the extensive body of knowl-
edge accumulated on the safe testing of engineered organisms. Established review proce-
dures for biosafety, including the components above, will help developing countries assess
experiments requested by scientists or institutions in need of testing locations in tropical en-
vironments.

Strong interagency linkages will be required to assure that the requisite parameters are
understood and established. Without establishing these linkages and using them to create
guidelines, scientists may be asked to repeat a review and approval cycle for a particular ex-
periment until all relevant questions of safety are answered (Cohen and Chambers 1991).
This will cause delays and increase costs, as each time a request is submitted, costs are in-
curred for testing and documentation. These management issues become more important as
an increasing number of applications of the new biotechnologies are directed towards end
users in developing countries. Thailand’s National Biosafety Committee, for example, has
been approached for the testing of six diverse applications, each a product of international
research (Napompeth 1993).

Intellectual property rights

The availability of IPR protection can serve as a means to increase private-sector inventive-
ness, to gain access to proprietary technologies, and to stimulate public-private collabora-
tion. It can also be demanding in terms of the requisite legal expertise and the costs involved
in filing for such protection. For example, in the United States, $10,000 to $15,000 is re-
quired to complete one patent application.

A strong public-sector effort in biotechnology is needed in many developed countries.
However, the public sector alone may not be sufficient to meet future national agricultural
and economic needs. Combined public- and private-sector efforts are more likely to satisfy
national research needs.

Decisions on biotechnology and IPR are guided by these factors, as well as by national
technology objectives including the extent to which national science and technology policy
is increasing local innovative capacity, and different means to expand acquisition and trans-
fer of technologies (van Wijk et al. 1993). The pros and cons of enacting IPR policies
change as capacity in biotechnology becomes more productive. At the present time, many
agricultural crops and innovations in developing countries are exempted from national leg-
islation governing IPR protection, leaving those innovations in the public domain. How-
ever, this may change as national priorities for technological innovation change.

Even with the exclusion of agricultural or biological products, difficulties have al-
ready been encountered by developing-country officials responsible for determining copy-
rights, patents, and trademarks. Extensive time is needed to grant a patent after initial filing,
often two to three years. There is growing need to develop familiarization with prior art and
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for collaboration with patent offices and services in industrialized countries. Also, many

countries are being flooded with filings from foreign applicants. National applicants often

have relatively less interest or ability to file. For example, in Thailand and Indonesia, na-
tional applications are 13 and three percent, respectively, of the total filed for 1991-93 (Rat-
tanasuwan and Dirham 1993).

Integration and Organizational Options

After setting priorities, organizational options should be reviewed. This means reviewing
the institutional base required to initiate biotechnology research. One question requiring
resolution is whether expertise in biotechnology should be added to existing programs (such
as plant breeding) or if future research is better placed in a new institute. As far as plantim-
provement is concerned, biotechnology presents a complementary set of tools not to be iso-
lated from breeding, but rather to become a part of it. For new facilities, high start-up costs
should be expected, as well as long-term support for recurrent costs. Particularly important
are needs for backup generators to ensure electrical supply, service agreements for special-
ized equipment, and ready access to growth chambers and greenhouses.

Many of these items are already in place in conventional research programs. In such
cases the integration of complementary cellular and molecular technologies with conven-
tional programs should not be difficult. Integration costs less than the installation of a new
laboratory and can build collaboration between biotechnology programs and those with re-
sponsibility for the production of new varieties. Thus, biotechnology becomes an extension
of the scientific base for agricultural research, requiring institutional adjustments and in-
vestments.

Establishing a separate biotechnology center can undermine the morale of the plant
scientists not based at such a facility. This is especially true if different salary scales exist for
scientists trained in advanced cellular or molecular biology. Biotechnology products reach
consumers only through conventional development and release. Therefore, it is essential
that a strong conventional technological base be maintained and supported. Plans for the in-
tegration of technologies should aim to ensure that scientists engaged in conventional and
biotechnology research complement one another (Cohen et al. 1988).

The issue of integrating research highlights the need for interdisciplinary and inter-
institutional collaboration. Advances in biotechnology, often based on innovation at the
level of the DNA itself, may occur at institutions not working specifically on agriculture.
However, studies of biotechnology in Latin America show that a lack of communication ex-
ists between institutions and that current funding policies are not conducive to interdiscipli-
nary research (FAO 1993). Linkage mechanisms or licenses to the private sector may be
necessary to increase collaboration and speed the development of products by national re-
search programs.

Once integration has been considered, institutional strengths and mandates must be
examined. Organizational decisions should aim to avoid duplication while supporting ef-
forts to achieve targeted products as quickly as possible with the least cost. A range of insti-
tutional issues and options is highlighted by Komen and Persley (1993). An important
organizational and policy consideration is if the research to be done by national institutes

2 Information from January 1991 to September 1993 for Thailand revealed that 885 applications out of
6813 were of Thai origin, while 185 out of 7074 applications in Indonesia were of Indonesian origin.
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should be done alone, through research collaboration, or through contracts or licensing
agreements. National initiatives in biotechnology will reflect various combinations of these
three options, which in turn affect the extent to which integration of research activities will
occur and the opportunities for contractual research.

Autonomous National Research

Biotechnology research undertaken by national institutions alone must directly support na-
tional priorities and needs while conforming to institutional mandates. The need for supple-
mental collaboration, especially for product advancement and distribution, should be
anticipated early to help plan and ensure that research is efficiently transferred for final
product development.

Building the national expertise needed for the acquisition, development, and verifica-
tion of new technologies represents a commitment of time and resources. This requires a
steady progression of development. Time must be allowed for the advanced training of key
scientists and for the development of program leaders and managers. Finally, funding must
be provided for training and for the upgrading of equipment, both of which will be needed
by national programs not taking advantage of collaboration or contractual research.

Collaborative Research

Collaborative research offers scientists and sector leaders access to additional resources. It
thereby expands the national capacity to undertake biotechnology research. A collaborative
approach may involve one or more of the following groups of partners:

. other national, regional, or international research programs;

. CGIAR commodity centers;

. intermediary biotechnology programs;

* universities (public and private);

»  the private sector.

Advances in biotechnology in the 1970s came largely from laboratories, both public
and private, acting independently. Based on these advances, the 1980s saw international
biotechnology programs and networks established in or for developing countries. These
linked developed-country research in molecular and cellular biology to the agricultural
needs of developing countries and to the programs of the international agricultural research
centers. During the 1990s this trend grew. The number of international and intermediary
biotechnology programs has expanded, with each recognizing the growing diversity of po-
tential collaborators.

Investigating these opportunities gives national programs the potential to attain rele-
vant new technologies cost-effectively. A recent agreement between the Indonesian govern-
ment's Central Research Institute for Food Crops (CRIFC) and an international
biotechnology research program, provides examples of collaboration with private-public,
private-private, and public-public research linkages (Manwan 1993).

Contractual Opportunities
Opportunities for undertaking contractual research are expanding in certain developing

countries. Contracting the leading laboratories of industrial nations for specific research can
help minimize demands on national programs still developing their own expertise. As local
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expertise and human resources become available, developing countries can also undertake
contractual researdhr advanced laboratories. Contracts offer new means of both develop-
ing and acquiring applications of biotechnology, particularly where equitable protection of
intellectual property rights exists.

Developments in the Pacific Rim countries, in particular, illustrate research opportuni-
ties available through contractual relations. Opportunities are also increasing in countries
such as Thailand, Malaysia, and Singapore as a result of the long-term stability of their po-
litical systems and policies effecting greater privatization and diverse, liberal investment
policies (Pietrzyk 1992). Research abilities in Asian countries open new opportunities in
terms of international competitiveness, increasing not only contractual research, but also
providing for the long-term growth of the commercial research and development sector.

Financing Biotechnology Initiatives in Developing Countries

Decision makers at the national level may establish biotechnology policies. However, due
to stringent austerity programs, they are often unable to provide secure funding to address
their priorities. For biotechnology to achieve targets of national priority, planners must esti-
mate correctly and provide total costs and financing. The participation of management in
decision making and planning can help define realistic needs for additional resources and
recurrent costs. Planning for financial expenditures is also critical for providing the means
to retain research personnel who can find employment in many advanced countries develop-
ing biotechnology expertise.

When funding for biotechnology has been secured, strategies vary among developing
countries. Funding approaches usually mix limited national program and institutional sup-
port with financing from international donor agencies, development loans, international
biotechnology programs, competitive grants, and other sources. National finance, planning,
and technical managers are increasingly aware of the international base of financial support
available for biotechnology and its increasing significance among donors.

Trends related to funding for international biotechnology programs and collaborating
national programs were recently reviewed by IBS through its data base on international col-
laborative programs (Annex 4). As noted above, it found that a growing number of bilateral
and multilateral donor agencies are supporting international biotechnology initiatives such
as networks, programs, and informational data bases. In the period 1985-95, a combination
of donors, foundations, commercial, and national programs will have provided about US
$260 million for international biotechnology activities. Of this, $206 million will have been
provided to 25 identified international agricultural biotechnology research programs. Of the
remaining, about $7 million went to four international biotechnology networks, while some
$47 million was spent by four surveyed donor agencies on a wide range of projects.

For programs using such collaboration, the majority of funds were from foundations
and either multilateral or bilateral donor organizations (figure 1). This potential funding,
which relegates national funding to a position of lesser importance, can lead to concerns of
donor-driven programs or programs operating without agreement of needs and objectives of
national significance. Of the total funds reported for international biotechnology programs,
matching funds from developing country national programs accounted for only 4.1 percent
(figure 1). However, positioning allocations of funds in such a manner allows finance and
planning leaders to attribute national expenditures to priorities other than biotechnology.

Funding available from international donors and international biotechnology pro-
grams presents opportunities additional to those available from national programs alone.
Without such funding, NARS directors are often not able to find resources for advanced
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Figure 1. Sources of funding for international biotechnology programs

training and research. However, this places a long-term responsibility on international do-
nors to provide resources over the time frames necessary for program completion. In the
meantime, national financial ministries and designated research institutions are determining
how to assume anticipated program costs. Regardless of the institutions selected for imple-
mentation, strategies are needed to ensure that the necessary resources are planned for and
received. Realistic budgets and cost estimates are required, coupling the right institutions
with the requisite critical mass and expertise, for the right target and time frame needed for
development.

Rate of Entry in Research

An important policy consideration is the rate at which national programs enter the biotech-
nology arena. Rate of entry is determined by the pace of the following activities:
. development of national expertise as related to abilities available from conven-
tional agricultural research programs;
. acquisition and development of new technologies;
- verification of technologies under local conditions;
» time frame required for distribution of improved products to farmers, consumers,
and other users.

Development of national expertise is essential, as it ensures an internal capacity to ob-
serve, choose, and use new techniques for crop and livestock improvement programs. This
is often a particular challenge for small countries where there are few researchers (Eyza-
guirre and Okello 1993). Scientists are needed who are able to keep up with technological
advances, appreciate them, judge whether the advances will be useful, and demonstrate ac-
countability for research undertaken. These scientists will need to understand both molecu-
lar and cellular genetics and agricultural research. They must also be able to bridge the gap
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between the basic and agricultural sciences. Access to information is required, as well as
proper equipment, containment facilities, and field-testing sites. Universities have an in-

creasingly important role to play in anticipating human resource development needs and
providing periodic research opportunities to keep scientists abreast of current develop-
ments.

National programs have various options for acquiring and developing new technolo-
gies. However, national legal issues are often involved, particularly if proprietary technolo-
gies are acquired or if there is a need to provide demonstrated protection of IPR.
Technologies from the public sector, international programs, or the IARCs are more acces-
sible than those from the private sector, but care must be taken that these are freely available
and can be used without inadvertent infringement. Finally the assimilation of foreign tech-
nology requires corresponding strengths in the national scientific structure (Liyanage
1993).

Newly acquired technologies often must be verified under local conditions or in local
germplasm or varieties. Verification may take two to three years and require review by insti-
tutional or national biosafety committees. Itis essential that such reviews be done routinely,
before new varieties are released or recommended to farmers.

Timely distribution of products must be ensured. Without efficient distribution, allow-
ing time for the completion of safety and performance data, end user demand will not be sat-
isfied and issues of accountability will be raised. The development, testing, and release of
the products of biotechnology research, especially those involving genetic engineering,
have their own time frame that must be considered in addition to that for conventionally de-
rived products. This is especially true in the start-up period of a biotechnology initiative,
when integration among parties concerned is unlikely to have occurred. Also in the start-up
period, costs for capital investments and staff are high and public confidence and familiarity
with new technologies is tentative.

Determining Timing, Scope, and Scale of Entry

Involvement in biotechnology, even at a very modest level, holds considerable merit for de-
veloping countries that can effectively integrate additional research with strong conven-
tional agricultural programs, support existing and anticipated infrastructure requirements
and can provide for the anticipated technology delivery requirements. However, it should be
stressed that entry into biotechnology should follow a needs and priority assessment pro-
cess. This will increase the proportion of need-determined research in comparison with
technology-driven research.

Table 3 presents some key requirements, and their respective advantages and consid-
erations, which help determine when and at what scale a country should or should not em-
bark on a national biotechnology initiative. As shown, the table begins by addressing
information needs necessary to prepare research managers for the planning required by new
institutional mandates and by the expertise needed for making policy decisions. This is fol-
lowed by the execution of research partnerships and building of relevant human resources.
Entry helps institutions to anticipate new needs while becoming more proactive in seeking
the required support. It prepares national policymakers and NARS directors for the range of
issues accompanying the new technology environment and strengthens national abilities in
the review and approval processes necessary for field testing and distributing biotechnology
products.

Entry requires an immediate development of the scope and scale of the human re-
source base. A foundation must be built of trained scientists and informed policymakers
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who can work together to assess national priorities. Human resource development also pro-
vides time for the institutional integration needed to initiate new research efforts and the ac-
companying policy changes. Taken together, these activities provide a learning while doing
environment, which increases familiarity with new technologies.

Building biotechnology expertise also helps national programs to be stronger collabo-
rative partners. Without appropriate knowledge and experience, national programs will face
difficulties in entering contractual arrangements and will be at a continual disadvantage in
negotiating with countries, programs, and commercial entities having greater technical ex-
perience.

Difficulties or complications should also be anticipated as biotechnology-based re-
search is implemented. Experience with new technologies may change institutional struc-
tures and budgets and create new demands on staff. Addressing information and
communication needs presents major problems, yet is essential for successful performance.
Also, training priorities will be altered as new technologies are incorporated, thereby chang-
ing demands and planning at the conventional research program level.

Once established, biotechnology programs require extensive improvement of infra-
structure and laboratory equipment. This includes costly capital goods as well as chemicals
and supplies. Recurrent costs for equipment, supplies, and power place new demands on ex-
isting budgets. As shown intable 1, the time frame for program and research developmentin
biotechnology spans several years. Returns on investments are thus gained years after the
initial investment.

Table 3. Scope and Scale of Entry: Requirements, Advantages and Conditions

Requirements Advantages Considerations

1. Build an information, network: Provides a means to communicat&fforts to minimize the isolation

ing, and communication base| and network with scientists in ad+ of national scientists should begin
vanced laboratories and minimizesvith program implementation
isolation of scientists

2. Anticipate new institutional Institutional mandates can be Research directors will be consid

mandates and challenges changed to include more basic or ering new needs for research on
strategic science natural resource management a
the environment as well as bio-
technology

o

3. Provide expertise for technical Practical involvement in national| Lack of practical experience

and policy decisions biotechnology research builds | leaves program leaders and scie
hands-on familiarity with both tists vulnerable to bad informatiop
policy and scientific matters

=]
T

4. Develop stronger and more ef-Timely involvement builds stron-| Partnerships needed for collaborja-
fective research partners ger institutional capacities, leadindion should be developed in agreg-

to more equitable partnerships in ment with identified priorities,

global biotechnology constraints, and end users

5. Build human resources for ad-Implementation of a strategic Training needs in biotechnology
vanced technologies training program in relation to nar may be extensive and will requirg
tional needs and institutional abili-a large share of training budgets

ties may prevent an expertise Ia[J,
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3. PHASE II: PROGRAM FORMULATION

Various studies conducted during the last five years show that the main limiting
factors for plant biotechnology development in the Latin American and Carib-
bean region are lack of human resources, limited operating budgets, lack of
training and information networks, limited use of multidisciplinary team ap-
proaches, little definition of common strategies and priorities, and weak links
among the academic and productive sector.

Juan Izquierdo
Technical Cooperation Network on Plant Biotechnology for Latin America & the Caribbean
(REDBIO), Food & Agriculture Organization of the United Nations, Chile

The objective of phase Il of the decision-making framework is to translate priorities into
tangible national programs. Each program will differ depending on the research and policy
priorities identified in phase | and the type of institutions and funding involved. A compre-
hensive national program may be recommended, encompassing numerous research proj-
ects. Or a limited-scale program may be required. Regardless of size, decision makers
should first identify the program elements to be included, then engage relevant scientific
and sector communities in planning.

Program Elements

Program formulation follows priority setting by taking into account the policy environment
and priorities established in phase I. It requires the identification of scientific and policy ele-
ments that will provide the foundation for a national initiative in biotechnology.

Research-level participation during program formulation is essential to ensure that
relevant scientific and investment considerations are addressed. These include, for example,
access to proven research methodologies, ability to integrate new biotechnologies with con-
ventional research, support for advanced training opportunities, as well as downstream is-
sues such as technology transfer (Cohen 1993). Scientific review also helps in the
identification of users for the proposed research. Finally, it provides estimates of program
funding requirements.

An initial analysis of international biotechnology programs has identified major pro-
gram elements and indications of their respective percentage of expenditures and effort (fig-
ure 2, see also Annex 4). Elements of primary importance are:

. research and development;

. human resource development;

. collaboration with national programs in developing countries;

. program planning, policy, and management issues;

. information and communication; and

. infrastructure development.

19



Biotechnology Priorities, Planning, and Policies

Research &
Development
50%

National Program
Participation

9%

Human Resource
Development

0,
18% Program

Management &
Information
15%

Infrastructure
8%

Figure 2. Major program elements and percent of effort attributed to them by
international biotechnology programs

As defined for the IBS data base, research and development included activities ac-
counting for almost 50 percent of the total program effort. Human resource development ac-
counted for training opportunities in both long-term and short-term advanced programs,
including post-doctoral positions. Collaboration with national programs included money set
aside to facilitate research and exchanges with national programs in developing countries.
Program planning included internal management issues and their relations to issues such as
biosafety. Information and communication documented expenditures and effort for elec-
tronic linkages, newsletters, and data bases. Finally, infrastructure development included
resources for laboratory and computer equipment.

These elements may serve as indicators for the design of national biotechnology initia-
tives and are suggestive of elements and percent of effort that can be planned. The managers
of a national biotechnology initiative should consider whether the relative percentage of ef-
forts are consistent with the objectives and design of the program. While research is of pri-
mary importance, sufficient resources for training, exchange of information, and enhanced
communication are needed to connect national scientists with the international agricultural
research system. Without these, research efforts may be delayed or redundant.

The relative effort and funding attributed to each element will vary over time. For ex-
ample, during the first five-year period, the majority of resources may be placed in infra-
structure development and training, with research assuming more importance as indigenous
capabilities increase. Then, greater emphasis may shift to collaborative research opportuni-
ties and communications linkages such that trained scientists are not isolated from their
prior collaborators.

Program support for research, infrastructure, and human resource development will
have to take into account difficulties in obtaining inputs such as reagents, chemicals, and en-
zymes in a timely, cost-effective manner. Lack of operating funds at national laboratories
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will impair collaboration. Special effort is required to ensure that supplies and operating
funds are available when needed to guarantee continuity of effort (Thro 1993).

Scientific Review of Research Priorities

Research-level review is recommended once research and development is identified as a
program element. It is best done through multidisciplinary peer review. This complements
input received from other sectors. The review team can include not only cellular or molecu-
lar experts, but also representatives of conventional breeding, agronomy, private sector, so-
ciology, and extension. If continued throughout the program’s operation, research-level
review can ensure technical excellence.

Scientific evaluation of research priorities begins with a review of the conventional
agricultural research base. This is followed by an assessment of the potentials of
biotechnology-based research. Beginning with a review of the conventional research base
ensures that biotechnology is seen as part of the agricultural research continuum and not as
stand-alone activities.

Conventional Agricultural Research Base

Examining on-going agricultural research programs provides preliminary information
about biotechnology’s role in addressing needs, how existing constraints can best be over-
come, and the potential for investment in biotechnology. Such a review must be done by sci-
entists who can assess not only research capacities, but also the agricultural services
available to the farmers, growers, and consumers identified as potential clients.

Not all problems can be resolved through biotechnology. Local expertise, technolo-
gies, and cultural practices should also be evaluated in the review. As shown in Annex 3, al-
ternative technologies or cultural practicésmt do not require biotechnology may be
identified as addressing priority constraints (see also Ruttan 1990). If effective agronomic
evaluation and distribution of improved genetic materials cannot be ensured, then there will
be limited impact from introducing biotechnology. In such cases it is advisable not to intro-
duce biotechnology to a plant breeding program. In the rest of this report, modern biotech-
nology is considered specifically in terms of plant breeding, as this is likely to be one of its
principal uses and offers a good basis for discussing the decision-making process.

A Biotechnology-Based Research Approach

If the review of existing plant breeding programs indicates that (1) a biotechnology-based
approach is warranted and (2) an established framework exists for developing and transfer-
ring new technologies, then additional discussions will be needed on the following:

. understanding potential traits of interest as related to program priorities,

«  tissue culture expertise, and,

. products of genetic engineering.

Understanding the Traits of Interest

Selecting for improvement traits that address program priorities begins by assessing the de-
gree of understanding of each trait at the molecular and genetic level. Such understanding,
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coupled with the analysis of new genes in varieties of agronomic importance, is critical for
effective incorporation and expression of novel genes.

However, the advantages derived from increased genetic or molecular understanding
of traits do not, in themselves, necessitate genetic engineering. For example, once the trait of
interest is selected, a wide range of germplasm may be searched to identify genes providing
the type of expression desired. This search should include sources of material such as the
IARCs, other national programs, and universities, as well as elite lines from foundation seed
companies, commercial materials, and relevant plant genetic resources. Each of these
sources presents opportunities for plant breeders to initiate selection and modification. The
availability of germplasm containing genes for a particular trait will reduce the need for in-
vestments in biotechnology.

Molecular mapping is a development of modern biotechnology that increases the in-
formation available about particular genes. It locates their position on chromosomes of
plants and animals and, perhaps more importantly, provides an association between traits of
interest and selectable markers at the molecular level. These markers provide a new tool for
crop improvement.

Presently, molecular markers can expedite backcrossing of simply inherited traits.
However, applications of these techniques are also being attempted for selection of complex
desirable traits, which are difficult to screen through conventional techniques and breeding
programs. An example is the reduction of saturated fats in canola oil. This effort is using
RFLPs to provide selectable markers that correlate with expression of improved oil content
in canola plants (Erickson 1992). Modification of complex traits using molecular mapping
entails detailed analysis of several hundred plants to obtain the expression of desired traits in
combination with selectable markers. Close collaboration with breeders and agronomists is
essential and allows breeders to interface conventional programs with RFLP-assisted strate-
gies to improve precision in the selection of important traits.

Tissue Culture

Expertise in tissue culture serves many needs, beginning with mass propagation, disease
elimination, and germplasm exchange and storage. These essential components of
biotechnology-based research complement the information described above regarding in-
formation available on genes and traits of interest. Expertise in tissue culture includes in vi-
tro techniques such as meristem culture, embryo production, and shoot production. These
techniques are particularly important for germplasm of tropical crops, as these are prone to
viral infection and are mainly propagated vegetatively.

In many cases, competence in timely, quality-controlled tissue culture production of
planting material is an immediate concern of farmers and growers. This may be a national
biotechnology priority in itself, as there are growing needs for increased efficiency and di-
versity of techniques (Mantell 1989). As such, it is critical that innovative results from na-
tional and university tissue culture programs are not isolated from priorities for a national
biotechnology program. Such tissue culture capabilities provide the foundation for the re-
generation of tropical crops, which is essential for the application of advanced techniques of
genetic engineering.

Products of Genetic Engineering

When tissue culture expertise is available, but sufficient diversity is lacking from germ-
plasm collections or proves too difficult for breeding, the plant breeder may consider the in-
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corporation of novel genes, especially for single-gene traits such as disease resistance.
These genes are often products of genetic engineering and present opportunities to intro-
duce genetic material not readily available from conventional methods, which target prior-
ity traits of interest.

Examples include genes for herbicide tolerance, such as glyphosate or Sencor, and for
viral and insect resistance, such as potato viruses x and y and coleopteran and lepidopteran
insect pests. Novel genes are made available through unique vectors, or molecular pack-
ages, which combine the gene of interest with a suitable delivery mechanism. In some cases,
the genes and vectors may be proprietary, that is, protected through some form of intellec-
tual property rights. In such circumstances, examination of these rights is needed prior to
use.

Itis important to assess the likelihood of success in obtaining and expressing relevant
traits of interest through transformation and regeneration of crops of local importance. The
ability to perform routine transformation and regeneration of a crop is fundamental to the
application of genetic engineering. Application of these complex technologies are impeded
if not yet routine for tropical crops. For many developing countries, an important option for
transforming tropical germplasm is to incorporate, using tissue culture techniques, the prod-
ucts of genetic engineering and molecular mapping available from advanced laboratories
elsewhere.

Novel genes become available once new genetic material is stably expressed in agro-
nomic germplasm. National programs can then access products of genetic engineering
through normal hybridization by crossing local varieties with those containing novel genes.
The genes, now stably expressed, are routinely transferred.

As shown above, biotechnology increases scientists understanding of the genetic ma-
terial and their ability to produce it through tissue culture and genetic engineering. This is
creating new products from agricultural research, including detailed molecular maps, iso-
lated genes and vectors for their transfer, and selectable marker information, to name but a
few. These new biotechnology-based research products, complementing conventional pro-
grams, challenge research managers to provide the infrastructure and resources needed to
attain such developments and to determine which products best serve identified priorities.

Cross-Sector Planning and Review

The complexity of the anticipated biotechnology program determines the extent of collabo-
ration among various institutes and across sectors. Research managers can provide advice to
the national level and direction to the research level for collaboration beyond the traditional
agricultural or commodity sector. Reflecting the importance of cross-sector planning for
upcoming challenges to NARS, ISNAR has defined NARS as follows:

all of a country’s entities responsible for organizing, coordinating, or executing
research that contributes to the development of its agriculture and the mainte-
nance of its natural resource base. (ISNAR 1993)

This definition transcends the traditional boundaries of many government agricultural
research organizations. The inclusion of concerns for the natural resource base in the agri-
cultural sector reinforces changes in planning now occurring in response to pressing issues
of environmental quality, competition for natural resources, and growing population pres-
sure (Meyer 1993). This reflects the advantages expected from multi-institutional and
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cross-sector planning for biotechnology, as new technologies in agriculture are targeted to-
wards the needs of environmental quality as well as productivity.

Broader environmental concerns regarding agricultural practices emerge as urban
populations expand into traditionally agricultural areas. Cross-sector planning can increase
the interface between environmental concerns about agriculture, growing populations, and
needs for increased productivity (Crosson and Anderson 1993). This is facilitated by incor-
porating sustainability objectives in research efforts and international biotechnology pro-
grams (NRC 1990). For example, safer hiotechnologically produced pesticides are
beginning to replace environmentally hazardous ones, plants are being used to extract harm-
ful elements from polluted lands now being encroached upon by growing urban areas, and
microbial pesticides are being used to control pests such as gypsy moths (USG 1993).
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4. PHASE Ill: PROGRAM IMPLEMENTATION AND
MONITORING

When Thailand started its national biotechnology program, it faced the task of
filling gaps between conventional agricultural research and “academic” re-
search in molecular biology and life sciences. The great challenge was to bridge
the gap between the user and supplier of technology and between the conven-
tional and the modern, so that the benefit of the new technologies reached the ul-
timate user, the farmers.

Yongyuth Yuthavong
National Science and Technology Development Agency, Thailand

There are specific issues related to the implementation and monitoring of national initiatives
in biotechnology. These include finding expedient institutional arrangements for the special
monitoring and evaluation requirements and planning for socioeconomic analysis.

As mentioned in the previous chapter, establishing an external technical advisory
group is an efficient way of undertaking the scientific review of proposed biotechnology ac-
tivities. If this advisory group is retained during the program implementation, it offers one
means of achieving accountability for research as well as for the other objectives of the ini-
tiative. A means of achieving both technical peer review and increased accountability is to
involve outside reviewers from the international agricultural research system. Such involve-
ment has recently been undertaken by Taiwan’s National Health Research Institutes, which
are insisting on international technical review of proposals submitted for funding (Kinoshita
1993).

Monitoring and Evaluation

Monitoring and evaluation of biotechnology programs requires the assembly of highly tech-
nical reviewers who are not competitors or collaborators with the ongoing research pro-
gram. This can be difficult in such specialized areas. The need to monitor biosafety
regulatory requirements also distinguishes certain aspects of modern biotechnology from
conventional practices.

National biotechnology initiatives also require new approaches for indicating success
and accountability. Traditionally, success in agricultural research has been measured by the
rate of adoption, market share, or number of hectares planted. For biotechnology, however,
reliable end-of-project or program indicators can be reached in the laboratory. These results
may then require further testing under field conditions to ensure that the final product is ac-
ceptable for use by growers, farmers, or consumers. Field-proven performance therefore
may require two to three years of testing following the completion of laboratory work.

Field testing of biotechnology-derived products, especially those products aimed for
use in the tropics but reliant on initial development in industrialized countries, requires en-
vironments in which collection of relevant data can be assured. Preliminary quarantine-type
tests are necessary and can often be performed in temperate countries. Eventually though,
testing in tropical environments may be best for achieving locally-adapted germplasm and
for detecting expression of, for example, disease resistance genes under indigenous condi-
tions. Some form of local testing will be essential for verifying the utility of the improved

25



Biotechnology Priorities, Planning, and Policies

material. Testing in tropical countries should conform with national biosafety guidance so
that the proposed tests maximize expected results and ensure safe experimental procedures.
Many developing countries offer little or no such guidance. However, to date both public
and private technology developers have made significant efforts not to take advantage of
weak regulations in developing countries.

The need for testing in tropical locations and its relation to the completion of project
goals is further complicated if relevant end users, priorities, and needs established in phase |
are taken into account. Although research may have achieved new technological break-
throughs, these breakthroughs must also be evaluated in the context of the broader objec-
tives of the program.

Indicators of success and relevant biosafety protocols will be essential in reports pro-
vided for institutional and donor review. Contributions by management and program lead-
ers to the monitoring and evaluation process can help to assure that relevant scientific and
environmental concerns were addressed in program design and that suitable indicators are
being established to determine if program objectives have been met. Box 1 outlines basic
parameters to be considered in the monitoring and evaluation of biotechnology research.

Box 1. Monitoring and Evaluation of Biotechnology-Based Research

I.  Monitoring and evaluation of experiments

*  Analyze efficacy and safety measures to ensure good developmental prac-
tices

. Review tests in relation to relevant and regulatory protocols

. Ensure that adequate containment facilities are available

. Design trials so that data substantiating expression of the improved trait can
be taken from multiple locations

. Include competitive varieties of agronomic importance for comparison

[I.  Monitoring and evaluation of program

. Establish measurements of impact and results
. Formulate discrete program objectives and activities with time tables|and
expenditures to facilitate accountability
. Identify the end user and the extent to which the program is responsible for
final delivery of products
. Ensure quality review of the technical aspects of the program as well as com-
pliance with general objectives
. Establish a multidisciplinary technical advisory team for regular review of
the program

Socioeconomic Analysis
Socioeconomic analysis is needed to fully assess the potential benefits and shortcomings of

biotechnology as applied to agricultural research. National-level contributions to this effort
help to ensure that the analysis is undertaken in agreement with country objectives and is
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aimed towards the users identified as most needy of the products derived from the biotech-
nology initiative. Discussion at the national level of the socioeconomic analysis also pro-
vides guidance for sector and program leaders as to clients and expectations for economic
impact. These will of course need verification with local client groups (Bunders 1990).

Ex ante evaluation of the socioeconomic impact provides guidance for program for-
mulation, design, and priority setting. Ex post evaluation assesses whether a biotechnology
program achieved its socioeconomic objectives. It also provides guidance for organizing fu-
ture programs. Both types of evaluation are complicated by the fact that to date there are few
products available from biotechnology research, and these are largely marketed in devel-
oped countries. Systematic evaluation of the socioeconomic impact on developing countries
is therefore still in its infancy. Also, considerable variation exists among economic models
for impact evaluation so that any prediction of socioeconomic impact of biotechnology in
developing countries must be regarded with great caution.

Ex ante analyses of biotechnology applications are often based on the ex post evalua-
tion of the Green Revolution. While the debate on the socioeconomic impact of the Green
Revolution continues, one thing has been made clear: evaluations should not concentrate
only on output but on a set of related goals, including growth, income distribution, security,
and environmental concerns.

Analysis of the impact of biotechnology is more complex than that for the Green
Revolution technologies. This is partly because there is a much wider range of applications
for biotechnology. Other reasons also can be identified:

. Biotechnology affects agriculture at different stages of the production cycle. The
Green Revolution had its immediate impact at the level of the farmers’ fields.
Immediate direct benefits of biotechnology may not affect farmers. For example,
improved food-processing techniques primarily benefit food manufacturers and
consumers.

. Biotechnology is not only focused on increasing yields. Rather, many of its ap-
plications will have a production-stabilizing and input-reducing effect, for exam-
ple, by obtaining pest-resistant or drought-resistant varieties. Therefore,
biotechnology can directly benefit small-scale farmers in less-favored areas.

. Biotechnology can affect various food or cash crops. Its impact depends on mar-
kets. The Green Revolution was focused on staple foods for which demand was
both income-elastic and price-elastic. Both the consumers and the producers
shared benefits. For some crops, such as cocoa, demand may be inelastic and
yield-increasing technology may transfer all benefits to consumers in rich coun-
tries rather than to producers in poor countries.
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5. PHASE IV: TECHNOLOGY TRANSFER AND
DELIVERY

A key issue for technology transfer as related to agricultural biotechnologies is
the lack of technical understanding of such technologies by the extension agent
at the farm level. The capacity to produce high-quality seed derived from bio-
technology at reasonable prices also constrains technology transfer to the
grass-roots level.

Gyan L. Shresta
Asia Network for Small-Scale Agricultural Biotechnologies, Nepal

Decisions about the production and delivery of products to identified users should be con-
sidered early rather than late in structuring the research program. For national biotechnol-
ogy initiatives, program formulation and execution are primarily the responsibility of the
public sector. As stated earlier, conventional agricultural research will be the primary con-
duit for delivering the products of agricultural biotechnology. The agricultural extension
system too will play an invaluable role, as they will be responsible for determining farmer,
consumer, and grower acceptance of products arising from research.

However, depending on the clients, agroservices, and the technology-transfer routes
available, the commercial sector may also play an important part in producing and deliver-
ing the product. Regardless of whether distribution is done by the public or private sector, a
recognized route for distribution must be established. Otherwise research results will go un-
developed, resulting in wasted resources.

The following discussion of product orientation considers whether the product will be
targeted for public or commercial distribution. Various routes of distribution are examined.
Phase IV of decision making requires action at the management and research levels, effec-
tively engaging appropriate technology transfer agencies, extension workers, and end users.
While national research scientists themselves are not responsible for technology transfer,
managers of such research, especially once the research is considered as part of a national
biotechnology program, share responsibility for results reaching identified end users.

Product Orientation

Is the product of the research under consideration geared for public or commercial produc-
tion? This question is especially relevant where there are pressures on government to privat-
ize public research and development efforts (Emmerij 1992). Decisions must be made about
which approach is best able to bring products to completion, what this decision means in
terms of ownership or public distribution, and what type of balance is proposed between ex-
isting public and private research institutions. For example, biotechnology research begun
in the public sector may become crucial to commercial initiatives addressing productivity
constraints related to national economic problems. In such situations, managers must con-
sider the type of institutional arrangements necessary, if sufficient private-sector expertise
exists, and what policies are in place to encourage commercial growth.

If a decision is made in favor of product development in the public sector, it will be
necessary to clarify how the products can be produced and delivered to the public in atimely
and effective manner. Public distribution may be particularly relevant where programs us-
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ing biotechnology have targeted applications to crops of importance for equity or food secu-
rity reasons. If biotechnology has a role to play for these crops, will public-institution
budgets alone assume the added costs? Given the current global trend towards the privatiza-
tion of research, a balance between public and private research will probably be needed.

Technology Transfer Routes

There are multiple methods for the transfer of technology into and within developing coun-
try agricultural research institutes. As identified in the IBS analysis of international biotech-
nology programs, technology transfer opportunities for biotechnology include the
following:

. public sector (NARS and other government institutions);

. IARCs, which release material through international testing programs;

» nonprofit institutions such as universities and land-grant institutions; and

. commercial organizations.

As shown in figure 3, the largest effort is expected to occur through the public sector,
as most applications of biotechnology supported through the international donor commu-
nity target crops or production systems traditionally serviced by national extension and re-
search programs. Crops such as rice, beans, potato, sweet potato, and cassava, for example,
are often planted from seed or planting material saved by farmers. Incentives for large-scale
private-sector investment are therefore lacking. For these crops, improved planting materi-
als distributed by IARCs, universities, or other international programs will have to be regis-
tered for release by each developing country and this is primarily a national program
responsibility.

Public

IARC
7%

Nonprofit
13%

Private
16%

Figure 3. Primary technology transfer routes identified for use by the
international biotechnology programs
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The private sector is playing an increasing role in the transfer of technology into coun-
tries through affiliated or licensed research centers, as shown by applications pending for
biosafety review in developing countries (Napompeth 1993). However, this technology
does not reach the public sector. It is retained by proprietary developers.

In this regard, national and public institutions also benefit from collaboration with in-
ternational biotechnology programs. The international programs provide access to both
public and proprietary-domain technologies. The role for commercial technology transfer
originating from these international programs is shown in figure 3. These new opportunities
build on the traditional collaboration of IARCs and developing-country NARS with
public-sector institutions in developed countries for advances in basic research.

These changes reflect the fact that the traditional route of donor, IARC, and
developing-country access to biotechnology through public institutions is being affected by
the increasing trend towards privatization (Cohen and Chambers 1992). This fact, coupled
with pressures on national agricultural programs to divest production and distribution re-
sponsibilities, may reduce opportunities for public-sector technology transfer. Commercial
producers may be encouraged to assume some of these responsibilities.

If technology transfer through the private sector is an option for the NARS then com-
munication with the private sector should occur at an early stage. This helps to ensure that
products are appropriate for private production and will be geared to the identified clients or
users of the research as identified by the NARS. In such cases, programs may consider con-
tractual mechanisms for technology transfer, such as collaborative research and develop-
ment agreements, which itemize the terms of development between public research
institutions and private producers.
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6. SUMMARY

Policymakers in developing countries are increasingly faced with difficult decisions about
investment in biotechnology. The decisions are difficult because they involve high costs
and uncertain results in areas where developing countries are concerned about being left be-
hind. Such decisions are also being made in the context of complex political, economic, and
biological issues. These issues could dissipate the opportunities derived from new technolo-
gies if consideration is not given to priorities, policies, and programs for biotechnology.

With this need in mind, a decision-making approach for national biotechnology plan-
ning and policies has been presented in four phases: the identification of priorities and set-
ting the policy agenda for biotechnology, the formulation of programs, special concerns for
implementation and monitoring, and the transfer of technology to end users. A dialogue
among national-level policymakers, research managers, and practicing scientists is encour-
aged. This combination of levels of expertise and phases of decision making builds channels
between conventional agricultural research and new innovations from biotechnology.

Undertaking this decision-making framework is the first step in identifying the way in
which various elements, institutions, and priorities for a biotechnology program are brought
together. As each national program evolves, an increasing need for management emerges,
which can ensure technical excellence while focusing on the identified needs that these
technologies address. The decision-making process helps identify and build national com-
petence in policy and management as well as in the scientific and technological areas pre-
sented by directing financial investments to technologies addressing identified needs and
priorities in an agreed time frame with the required institutional commitment. When com-
pleted, the process provides relevant background information, priorities, and objectives for
a national biotechnology initiative that can be presented to various international funding
agencies and to national finance ministries.
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BIOTECHNOLOGY GLOSSARY

Cell Culture: A group or colony of cells propagated from a single cell in a specifically for-
mulated nutrient medium.

Chromosome:A thread-like body found in cell nuclei, composed of genes arranged line-
arly. While genes are the units of heredity, chromosomes are the units of transmission
of genes from one generation to the next.

Clone: A collection of genetically identical cells or organisms derived asexually from a
common ancestor. All members of a clone are identical in genetic composition.

DNA (deoxyribonucleic acid): The macromolecular polymer that carries the genetic he-
reditary message and controls all cellular functions in most forms of life. The twin
strands, in the form of a helix, are composed of successive units of the sugar deoxyri-
bose, phosphate, and the bases adenine, cytosine, guanine, and thymine, through
which the strands are cross-linked: adenine to thymine and cytosine to guanine.

Enzymes:Specific proteins that act as biological catalysts to stimulate essential biochemi-
cal reactions in all living organisms. Enzymes may be biologically synthesized, ex-
tracted, and employed to catalyze laboratory or industrial biochemical reactions.

Gene: The linear units of heredity transmitted from generation to generation by sexual or
asexual reproduction. In modern molecular biology each gene is a segment of nucleic
acid carried in the DNA encoded for a specific protein. More generally, the term gene
may be used in relation to the transmission and inheritance of particular identifiable
traits.

Genetic engineering:Artificial procedures whereby individual genes are removed from
one organism and introduced into another. Modern biotechnology methods permit the
movement of genes between organisms that would not normally be able to exchange
such material.

Gene expressionEvidence or manifestation of a genetically controlled characteristic. All
of the chromosomal genes in an organism are by no means active at all times. In a plant
nucleus as little as five percent of the DNA may be producing protein at any one time.
Thus all genes may be active or silent. The manner in which they are switched on and
how the on-off “switches” are regulated is yet to be determined by molecular biolo-
gists.

Gene Mapping: Determining the relative locations of different genes on a given chromo-
some.

Genotype:A group or class or organisms that share a common specific genetic constitution.

Germplasm: Often synonymous with genetic material, germplasm is the name given to
seed or other material from which plants are propagated. An early theory of inheri-
tance advanced the notion that hereditary characters were contained in an immutable
plasm transmitted unchanged from parent to offspring.

Hybrid: A cross between organisms that have different genetic compositions. Hybrids are
most commonly formed by sexual cross-fertilization between compatible organisms,
but techniques for the production of hybrids from widely differing plants are being de-
veloped by cell fusion and tissue culture.

In vitro: Experimental reproduction of biological processes in isolation from a living or-
ganism. Literally means “in glass”.

Meristem culture: A cell culture developed from a small portion of the meristem (growing
tip) tissue of a plant. Either a stem shoot or root meristem can be used.
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Monoclonal antibody: An extremely pure antibody derived from a single clone of an
antibody-producing cell. A single spleen cell exposed to a specific antigen can be
fused with a myeloma (cancer) cell. The resultant fused cell, called a hybridoma, con-
tinually produces an antibody specifically directed against the antigen. It will therefore
seek out and identify the specific antigen. Hybridomas can be cloned and cultured to
produce quantities of the pure monoclonal antibody.

Novel genesThis refers to products of genetic engineering, such as genes available for in-
corporation into plants and animals.

Nucleic acid: A chain of sugars and phosphates, with a base attached to each sugar. The se-
quence of these bases makes up the genetic code.

Pathogen:Any disease-producing organism.

Recombinant DNA (r-DNA): A strand of DNA synthesized in the laboratory by splicing
together selected parts of DNA strands from different organic species or by adding a
selected part to an existing DNA strand.

Regeneration:Development of a whole organism from a single cell culture.

Restriction enzyme:An enzyme that cuts and effectively excises a piece of a DNA mole-
cule. Some restriction enzymes cut the DNA at specific points, others appear to cut at
random. Restriction enzymes, of which hundreds have been identified and isolated,
are important tools in the transfer of specific gene sequences from one organisms to
another.

RFLP: Restriction fragment length polymorphisms are the lengths of DNA between the
sites at which various restriction enzymes recognize and cut DNA.

Tissue culture: In vitro methods of propagating cells from animal or plant tissue.

Transformation: The process whereby a piece of foreign DNA is transferred to a cell, thus
conferring upon it novel characteristics.

Vaccine: A preparation of a pathogenic microorganism or virus that has been killed or at-
tenuated so that it has lost its virulence but carries antigens. When a vaccine is injected
into a living animal the immune system is stimulated to produce antibodies, which re-
main in the living system and provide immunity against subsequent potentially patho-
genic infections by the pathogen or virus.

Vector: In genetic manipulation the vehicle by which DNA is transferred from one cell to
another. Literally means “a carrier.”

Virus: The smallest known type of organism. Viruses cannot reproduce alone but must first
infect a living cell and usurp its synthetic and reproductive facilities.
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ANNEX 2: A Recent Example—Analyzing National
Biotechnology Initiatives in the U.S.

The need for a strategic approach to biotechnology was recently recognized by 12 different
federal agencies of the United States government, each of which had independently devel-
oped its own biotechnology research program. Representatives from these agencies, with
representatives of the Office of Management and Budget and the President’s Office of Sci-
ence and Technology Policy, were organized as the Biotechnology Research Subcommittee
under the Federal Coordinating Council for Science, Engineering and Technology. This
subcommittee was asked to develop a goal, objectives, and strategy for a combined public
investment in biotechnology (USG 1992).

The subcommittee’s report outlines agency programs in biotechnology research and
describes a way to maximize the effectiveness of public investments in these programs. To
accomplish this, a baseline of activities and funding levels was developed and agency pro-
grams and national strategic objectives were highlighted. The first interagency biotechnol-
ogy research budget was developed for fiscal year 1993. Various budget scenarios were
considered. The final approved budget was based on the strategic nature of the overall goal,
objectives, and programs presented.

This strategic approach, undertaken because of fiscal realities, initiated interagency
coordination in the application of biotechnology. The report presented federal initiatives in
a manner that led to an increase in agency funding for the programs included. Through such
coordinated efforts, technical needs identified by scientists are better focused on society’s
needs and on the fiscal priorities identified by national leaders.

The example above is from a developed country. However, its importance as an exam-
ple of a combined, interagency and multilevel approach to biotechnology is equally impor-
tant for developing countries. Variants of this type of coordinated analysis and subsequent
program- and policy-based recommendations already have been undertaken by China, In-
dia, and Thailand and may offer useful models for other countries with multiple agencies in-
volved in biotechnology research.
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ANNEX 3: Concerns Facing the Agricultural Sector
over the Decades Ahead

Identified need for the Example of improvement that Opportunity for application of
agricultural sector can be achieved modern biotechnology
Institutional development * [nitiate a research program on| * None
incentive-compatible institu-
tional design
¢ Improve the effectiveness of in-
stitutions * None
Accommodation of research on |« Strengthen capacity to monitof * None
natural resource managementin|  agricultural sources of environ-
the NARS mental change
e Conduct research on environ-|  Provide new sources of diseage
mentally compatible farming and pest tolerance to minimize
systems pesticide use
Development of food systems thak Investigate alternative land uses None
meet population and productivity]  farming, and food systems
demands of the 21st century  Improve cultural practices to
enhance local productivity * None
¢ Increase opportunities for tech-
nological innovations to over- | « Contribute enhanced under-
come productivity constraints standing of genetic innovation
Timely delivery and provision of | Improve agroservices to farmers Produce improved seeds and
agricultural inputs bers in disease-free and certified
conditions
Conservation of genetic resourcedmprove conservation facilities | Apply in vitro storage, character-
for agriculture (Agenda 21) and technologies at national and| ization, and exchange of
international levels germplasm
Reductions in postharvest losses Develop new technologies fof Use molecular biology to conduc
postharvest storage and preservaresearch on curtailing ripening and
tion shelf loss
Development of infrastructure andProvide better access to roads antilone
markets markets to encourage diversified
production
Improvements in pricing and mac¢-Reform agricultural commodity | None
roeconomic policies and income support policies
Improvement in policies towards| Better understanding by Addition of biotechnology en-
agricultural research policymakers of opportunities for| hances view of agriculture as a dy
agricultural development namic sector
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ANNEX 4: IBS BioServe Data Base

The information presented in figures 1, 2, and 3 is based on the analysis of data collected by
IBS through a survey conducted in the period June to October 1993. The survey was under-
taken to help fulfill IBS’s objective of compiling a registry of expertise in international bio-
technology. This registry, namedioServe currently includes information from
international agricultural biotechnology programs, defined as organizations or programs
that conduct, fund, or coordinate biotechnology-related research, focusing on developing-
country agriculture.

The first aim of BioServe is to provide IBS’s primary clients with up-to-date details of
international biotechnology programs. Primary clients include national policy-making bod-
ies, NARS, and other research organizations, both public and private, in developing coun-
tries. BioServe may enable them to identify prospective partners in particular regions or in
specific areas of biotechnology research, research management, or policy formulation.

In order to obtain the relevant information in a systematic manner and to ensure utility
for analysis by national programs, three different survey forms were designed for the cate-
gories of organizations identified below:

. research-based biotechnology programs at national or international public insti-

tutes, including the IARCs;

. international or regional biotechnology networks;

. bilateral or multilateral donor organizations that finance biotechnology initia-

tives for developing countries.
Respondents included 17 programs, six networks, five IARCs, and four donors. This was a
combined response of 32 from a total of 38 survey forms mailed. Each survey requested in-
formation on, among other things, overall goals and priorities, agricultural and regional fo-
cus, training opportunities, research management, research and development, funding, and
expenditures. The analysis of data is based on completed surveys checked for accuracy.
Upon receipt by IBS, the information collected was reviewed and then entered into a com-
puter data base using REFLEX.

Summing the programs and IARCs provides data for 22 international biotechnology
programs. Total funding level cited is derived from the total expenditures analyzed from all
sources mentioned above. The figures are based on calculations from the information col-
lected from the 22 international biotechnology research programs, excluding the figures
submitted by networks and donor agencies. The figures given on prdgratimg sources
are averages for nonrecurrent research grants, which is by far the predominant type of fi-
nance for international biotechnology programs. It excludes (annually) recurrent funding.
Figures for recurrent and nonrecurrent funding have been standardized by IBS, to make
valid calculations foexpendituredy program element.

The 22 international programs submitted information on 167 distinct research proj-
ects, out of which 131 have an identified primary routetirhnology transferFigure 3
gives the relative distribution of technology transfer routes for these 131 projects.

A complete analysis of BioServe issues and implications is planned as a forthcoming
IBS publication. It will be distributed with a complete directory of the international program
networks and donors that participated in the IBS exercise.
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